Background The benefits of educational programs are recognized in chronic diseases. An education program was designed in our hospital, for hypertensive patients after an acute episode of stroke to prevent stroke recurrence. Objective Evaluate the effects of such program on patient knowledge and blood pressure management. Setting The 12-bed stroke center of the Groupe Hospitalier Paris Saint-Joseph, France. Method An individual educational session was provided to all the patients by the pharmacist a few days after admission. The effectiveness of the session was evaluated using a questionnaire completed by each patient before and after education. The patients had to identify the correct responses and to judge their answer's self-confidence. The answers were ranked based on their accuracy and the surety of the respondent. Reported medication adherence and self-measurement of blood pressure were analyzed as part of the survey. Patient satisfaction with the intervention was also measured by means of a separate questionnaire. Main outcome measure Evolution of response correctness and self-confidence as well as medication adherence and blood pressure self-measurement practice. Results 64 patients were enrolled. Correct response rate increased from 77.9 to 94.1% and the absolutely sure response rate raised from 52.9 to 80.8%. Patient self-confidence was improved mainly for correct responses. Patients reported a better medication adherence and a more frequent practice of blood pressure self-measurement. They were highly satisfied. A negative correlation was found between knowledge evolution and baseline knowledge. Conclusion Education can improve stroke patient knowledge, which may enhance medication adherence and blood pressure control. Such programs should be developed even early after a stroke.
Introduction
Hypertension is a chronic disease defined by a systolic blood pressure equal to or above 140 mm Hg and/or a diastolic blood pressure equal to or above 90 mm Hg [1, 2] . In 2008, approximately one billion people were diagnosed with hypertension worldwide [3] . Hypertension is considered to be the major leading risk factor for global disease burden [4] especially for cardiovascular diseases. In fact, it has long Yvonnick Bezie and Mathieu Zuber have contributed equally to this work. been identified as the major modifiable risk factor for stroke [5, 6] .
Pharmacological treatments for hypertension are effective to control blood pressure and reduce all-cause mortality and cardiovascular morbidity and mortality [8] . Data from randomized controlled trials indicate that a 10 mm Hg reduction in systolic blood pressure is associated with a reduction in the risk of stroke by approximately one-third [9] . However, these benefits are limited by insufficient patient medication adherence [8] . In an American cohort of adults with essential hypertension, aged 65 years and older, only half of the enrolled participants were highly adherent to prescribed hypertension drugs [10] .
Education should enable patients to acquire and maintain the necessary abilities to optimally manage their life with their chronic disease. It is designed to help them and their families understand the disease and the treatment, cooperate with health care providers, live healthily, and maintain or improve their quality of life [11] .
Several studies have trialed educational programs in hypertension [12] [13] [14] . They demonstrated effectiveness in increasing knowledge and improving drug compliance and self-monitoring of blood pressure. Modification of lifestyle appeared to be more challenging. Since patient education is currently focused on chronic diseases, only few programs were designed for an acute context such as stroke despite the very tight links between the two conditions. It is estimated that more than 90% of strokes in patients taking pharmacological hypertension treatments, occurs when blood pressure is not controlled [15] .
We therefore developed an educational program in our stroke center, dedicated to hypertensive patients a few days after an acute episode of stroke or transient ischemic attack.
Aim of the study
Our aim was to evaluate the effects of an educational program on the knowledge and blood pressure management of hypertensive stroke patients.
Ethics approval
For this type of study formal consent is not required in France.
Method

Study design
The study was a prospective recruitment cohort of hypertensive patients admitted at the stroke center of The "Groupe Hospitalier Paris Saint-Joseph" hospital. Within this center, the stroke intensive care unit consists of 12 beds with special equipment for the monitoring of patients with acute or immediately threatening stroke.
The education program was proposed to patients 2-3 days following admission. A written agreement was collected by nurses and transmitted to the pharmacist. The entire study design is represented in Fig. 1 .
Patients
Patients were admitted at the stroke center after either an acute episode of ischemic or hemorrhagic stroke, or a transient ischemic attack. Hypertension could be either previously known or discovered during hospitalization. Patients who were unable to be interviewed (mostly because of speech troubles, confused state or previous dementia) were not included.
Program design
The educational program was approved by our Regional Health Agency (A.R.S.) and coordinated by the head-director of the stroke center. The multiprofessional team included physicians and nurses from the stroke center as well as a pharmacist. All of them followed a 40-h diploma course on patient education given by an accredited French body (IPCEM France).
Fig. 1 General program design
The care team set the objectives of the program during the preliminary meetings. These objectives are related to disease management, medication adherence, blood pressure self-measurement and health practices. For each objective, the care team also defined the skills and knowledge required to achieve them. An illustrated folder was designed to facilitate and support the educational sessions. Illustrations were about hypertension risk factors, symptoms, consequences and treatment as well as blood pressure self-measurement, lifestyle modifications with a focus on diet and physical training, and stroke physiopathology. For example, illustrations comparing a lifestyle that promotes hypertension (high-salt diet, tobacco, alcohol, sedentary lifestyle) and a healthier lifestyle were designed to explain hypertension risk factors.
During the first meeting, the pharmacist interacted with the patient in order to understand their needs and the skills that had to be developed. The conversation was guided by the answers to a questionnaire filled by the patient at the beginning of the meeting. This questionnaire, developed for the evaluation of the program, is described in the next section. Once the educational diagnosis was set, the pharmacist and the patient scheduled together an individual session. During the session, the pharmacist engaged the patient in an interactive personalized conversation to help them adopt the skills they will need in their day-to-day life. Images from the folder were used as background support. The session length was adapted to the patient's state and fatigue. If necessary, sessions could be divided into a couple of shorter ones.
Program evaluation
The Knowledge and skills of the educated patients were evaluated by means of a structured questionnaire. The same questionnaire was completed before the educational session and again after hospital discharge, when the patient had their neurological follow-up. The questionnaire was built by the multiprofessional team involved in the study. It was developed by the pharmacist and validated by the medical staff of the stroke center. It was made of six questions, each of them corresponding to a determined objective of the educational program.
The first part of the questionnaire consisted of four statements designed to assess knowledge about hypertension: "Hypertension is a possible cause of stroke", "We can be cured of Hypertension", "My treatment against hypertension can be adapted in time by my doctor" and "Despite the absence of signs of hypertension, even with a correct blood pressure level, I always have to take my treatment". Patients had to answer "yes", "no" or" I don't know" and indicate how confident they were in their response ("absolutely sure", "pretty sure", "not really sure", "absolutely unsure"). The fifth question evaluated the patient's medication adherence during the last month. The sixth is a yes or no question to assess the practice of blood pressure self-measurement.
Patient knowledge
The effect of the program on the patient knowledge was evaluated using the following evolution of their responses for the four first questions of the questionnaire:
• The proportion of correct, incorrect and "I don't know" responses • The proportion of "absolutely sure", "pretty sure", "not really sure" and "absolutely unsure" responses. The responses "I don't know" were excluded from the total answers when evaluating the patient's self-confidence.
The combined evolution of response accuracy and the patient's corresponding self-confidence was measured in two ways, first through the proportion of "absolutely sure" correct responses before and after education, and then through the evolution of a combined score ranging from 1 to 9 (Table 1) . When the response was incorrect, this combined score ranged from 1 to 4, with higher values for lower level of self-confidence. Conversely, for a correct response, the score ranged from 6 to 9, with higher values for higher self-confidence. A score of 5 was assigned to the response "I don't know". The impact on patient knowledge was evaluated overall, through the evolution of the averaged combined score (the average of the combined scores for each question) and of the proportion of "excellent" patients (i.e. all responses are correct and "absolutely sure").
Combined scores were also used to investigate whether knowledge progress is correlated to baseline abilities. Thus, for each patient the difference in combined score was weighed up against the score before education. 
Patient disease management
The effect of the program on the patient hypertension management was assessed by comparing the percentage of patients reporting a full adherence to their medication and the percentage of patients who reported practicing blood pressure self-measurement before and after education.
Patient satisfaction
To assess patient satisfaction, a questionnaire made of seven questions was developed. It comprised six Likert scale questions measuring the level of agreement with an affirmation (totally agree, partially agree, partially disagree, totally disagree, no opinion) and an open question for suggestions. It was distributed and collected immediately after the educational sessions.
Statistical analysis
Response correctness and patient self-confidence evolution was analyzed using McNemar's test, whereas the evolution of the combined score was assessed using paired sample t test. A p value < 0.05 was considered to be statistically significant.
Results
Program implementation
Sixty-four patients were enrolled in the cohort ( Table 2) . Out of these patients, 41 were hospitalized because of ischemic stroke, 5 because of hemorrhagic stroke and 18 because of transient ischemic attack. Sixty patients had a history of essential hypertension and 47 of these were already treated.
Patients received education during their stay in the stroke center. Sessions were provided on average 6.3 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] days after admission with a mean duration of 46 min. Interviews took place in the patient's room.
Program evaluation
On average, post-education questionnaires were filled 4.9 [0.9-11.2] months after the educational session. Questionnaires were completed by all of the enrolled patients before and after education. Though two of the 128 collected questionnaires were incomplete, all the answered questions were used in the analysis.
Patient knowledge
Overall, there was a positive evolution of patient knowledge about hypertension after education. For each of the first four questions, the proportion of correct responses increased after the education session whereas the proportion of both, incorrect responses and "I don't know" responses decreased (Table 3) . Altogether, the proportion of correct responses increased from 77.9 to 94.1% (p < 0.01), the proportion of incorrect responses decreased from 5.5 to 0.8% (p < 0.01) and the proportion of "I don't know" responses decreased from 16.6 to 5.1% (p < 0.01), see Fig. 2a . Patient self-confidence was also improved after education regardless of the correctness of the responses (Table 4) . As shown in Fig. 2b , the proportion of the responses "absolutely sure" was higher after education than at baseline (80.8 vs. 52.9%, p < 0.01). As expected, the responses "absolutely unsure" decreased dramatically after education (only 0.8%).
Among the 117 "absolutely sure" answers before education, 113 were correct (44.6% of all answers) and 4 were incorrect. After education, 198 answers were "absolutely sure" and were almost entirely correct apart from one response (77% of all answers).
The combined score for each of the first four questions, as well as the mean combined score were significantly higher after education (p < 0.01) ( Table 5 ). In addition, the proportion of excellent patients was highly improved after education. Indeed, 2 patients (3.1%) obtained a mean combined score of 9 before education compared to 24 (37.5%) after education (Table 6) . Similarly, 29 (45.3%) patients obtained a combined score varying from 8 to 9 before education compared to 56 (87.5%) after education.
As shown in Fig. 3 , the patients who progressed the most after the session are those who had the lowest baseline combined score, as supported by the negative correlation found (− 0.8). For example, the best combined score evolution (+ 4.5) was associated to a baseline combined score of 4 and the worst combined score evolution (− 1.5) was associated to a baseline combined score of 8.5. 
Patient disease management
Patients reported a better medication adherence in the posteducational questionnaire. 73.4% claimed to be fully adherent compared to 59.6% in the pre-educational questionnaire. Moreover, 59.4% of the patients asserted practicing blood pressure self-measurement after the education intervention whereas they were 38.3% before the session (Fig. 4) .
Patient satisfaction
Forty-six of the 64 enrolled patients completed the satisfaction questionnaire. They were highly satisfied. All of them found the educator's welcome pleasant. At least 89% totally agreed with each of the affirmations about the suitability of session moment, the educator receptivity and the clarity of the information provided. 80% thought they were able to apply the educator's advice in their everyday life and 87% were willing to attend other sessions in the future (Fig. 5) .
Discussion
The benefits of educational programs are generally recognized in chronic diseases [16, 17] . The present study provides new insight into the positive effects of education on patient knowledge and behavior after an acute episode of stroke. Indeed, our study demonstrates that a hypertension education program is feasible early after an acute episode of stroke.
Numerous studies dealt with education of hypertensive patients but only a few of them were conducted in an acute context [18, 19] . More generally, education is still an underdeveloped aspect of stroke care. Disability or handicap after a stroke such as speech troubles or cognitive impairment may reduce the patient's ability to understand, retain and apply the provided information [20] . Therefore, the optimal time for an educational program after a stroke may highly vary, depending of the neurological status.
Before education, only half of the patients included in our study were knowledgeable about the disorder incurability (question 2). This result further supports the idea developed by Alexander et al. on the insufficiency of patient knowledge and awareness about hypertension [21] and may explain significant problems of medication non-adherence and of lack of blood pressure control [10] . Thus, education of hypertensive patients is of major interest. Our data demonstrate the possible positive effect of education on patient knowledge, as the proportion of correct responses of the patients included in our study increased for all the questions of the questionnaire, regardless of their baseline knowledge. These results are consistent with those of previous studies that evaluated educational programs effects on hypertensive patient knowledge [12] [13] [14] . In all of them, correct responses increased after education. In our study, the educational session was provided a few days after an acute episode of stroke and the post-educational questionnaire was completed on average 4.9 months later. Therefore, enhancement in patient knowledge could also be the result of the patient's condition improvement. The results from our cohort also show that education increased participant self-confidence, a crucial point to improve mainly in correct knowledge. Indeed, according to Leclercq [22] , the certainty of patient knowledge influences largely their decision to act but is rarely taken into account in patient education. For our purpose, we combined answers with a four level scale of patient self-confidence. Similar evaluations were found in chronic diseases education programs but none in hypertensive patient education. In a study about diabetic patient education, answers, accompanied by a subjective estimate of the degree of certainty of the patients, were assigned to four categories of knowledge: mastered knowledge (certainty ≥ 90%, correctness ≥ 90%), hazardous knowledge (certainty ≥ 90%, correctness ≤ 50%), uncertain knowledge (certainty ≤ 50%, correctness ≥ 90%) and residual knowledge (all the remaining answers). Mastered knowledge almost doubled immediately after the course but decreased with time [23] . Brunie et al. assessed effectiveness of an education program on the knowledge of heart failure patients by associating response correctness to one of four degrees of certainty: 50%, 60%, 80% and 100%. They demonstrated an improvement of patients' knowledge with an increase of self-confidence [24] . In absence of available tools, we developed in this study a combined score to evaluate the effects of our educational program on patient knowledge and self-confidence. It was simple to use and efficiently discriminatory to demonstrate a 12 times higher increase of patient who found correct and absolutely sure responses for all questions after education (Table 6) .
Interventions, including education, are not usually associated with a positive effect on antihypertensive medication adherence [25] . In a randomized clinical trial, although patients received health education and learned a lot about hypertension, they did not appear more likely to take their [26] . Nevertheless, several studies reported the opposite [12] [13] [14] . Saounatsou et al. found that hypertensive individuals educated about the importance of their medication and about the consequences of non-adherence showed better medication adherence than those who were not educated [27] . In agreement with this statement, our study demonstrated that improved awareness of hypertension incurability and causal relationship with stroke after education was associated to higher reported medication adherence and blood pressure self-measurement.
Enhancing adherence and blood pressure self-measurement practice is of fundamental importance for blood pressure control and consequently for preventing death in hypertensive patients [28, 29] . Uncontrolled blood pressure was also found to be the most important modifiable risk factor for stroke [30, 31] . In a large randomized double-blind controlled trial, lowering blood pressure reduced by 28% the overall risk of recurrent stroke in patients with prior stroke or transient ischemic attack [32] .
An additional finding of our study was the negative correlation between knowledge evolution after education and baseline knowledge. A part of the negative correlation might be attributable to a regression towards the mean phenomenon due to the individual variability at baseline. Nevertheless, we believe that this individual variability at baseline is limited compared to the rest of the variability lying within the score improvements and therefore, cannot by itself explain the strength of the correlation. Thus, we think that baseline knowledge should be used to prioritize patients. However, further investigation in the origins of the score improvement variability would be needed to confirm this hypothesis. A main strength of this program was the collaboration of different health professionals. It gave to the pharmacist an interesting opportunity to actively participate in patient care and illustrated how pertinent the concept of clinical pharmacy is [33] . 
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The present study had some limitations. The sample size was relatively small and patients enrolled suffered from mild stroke. The mean NIHSS (National Institute of Health Stroke Score) for our patients was 3.1, which means that our results may not apply to other stroke categories. Regarding the questionnaire used, the reader needs to be aware of a number of weaknesses when analyzing the study results. Given the lack of validation of the tool, it is possible for part of the post-education patient knowledge improvement to be the result of a greater understanding of the questions. The questionnaire was also not anonymous, which could have influenced the patients' responses. Finally, the "Yes" or "no" questions are probably insufficient to evaluate the quality of patient practice for blood pressure self-measurement and additional questions about measure frequency and quality should be added to the questionnaire. For both medication adherence and blood pressure self-measurement, evaluation was achieved based on patient self-reporting which can be of questionable reliability.
In addition, clinical impact was not directly determined. Ideally, blood pressure control should be measured and stroke recurrence registered, since the ultimate objective of such programs is to reduce stroke incidence. Our study should be considered as preliminary work that demonstrated the positive effect of education on indirect but simply measured endpoints. A larger scale program with an assessment of blood pressure control should be developed with at least 1 year evaluation. During this follow up, patient knowledge and disease management should be regularly reassessed to determine whether benefits of education are maintained over time. It was found in previous studies that education impact (either for hypertension or other chronic diseases) was higher immediately after education and decreased a few months later [12, 23] .
Conclusion
The educational program seemed to have positive effects on knowledge, self-reported medication adherence and blood pressure self-measurement in patients included in our study. These benefits could lead to an enhanced blood pressure control and a reduced stroke recurrence risk. Therefore, we think that stroke patients should have more access to such interventions despite the complexity of implementing educational programs in an acute context. Baseline knowledge could be used as a selection criterion. Our study also provides a successful example of a possible role that hospital pharmacists can play in hypertension management. A larger scale program is now ongoing in our stroke center.
